Background. Walking speed (WS) predicts mortality. However, it is unclear if decline in WS increases prior to death. We examined whether (a) WS declined faster in persons who died during the follow-up compared with those who remained alive and (b) adding change in WS to a model including age, sex, and baseline WS improved prediction of mortality.
W ALKING speed (WS) is a robust predictor of mortality (1, 2) . A pooled analysis concluded that age, sex, and WS predicted mortality, as well as a more complete set of variables (age, sex, diseases, body mass index, systolic blood pressure, and hospitalization) (2) . Most studies, with a few notable exceptions where change in WS over 1 or 2 years was analyzed (3) (4) (5) , have examined whether a single WS measure predicts subsequent mortality. It remains unclear whether decline in WS is associated with risk of mortality.
Investigation into the cognitive trajectories of older adults provides evidence of a rapid decline in cognitive function preceding death (6, 7) . Underlying conditions (dementia and stroke) may play a role in some persons, but the accumulation of brain pathology or other biologic changes may also be involved (7, 8) . The extent to which terminal decline exists for physical functioning remains little explored (8, 9) . Using up to five measures of fast WS (FWS) over 12 years in individuals aged 65-85 years, we examined whether (a) FWS declined more rapidly in persons who died during follow-up compared with those who remained alive and (b) adding FWS decline to a model including age, sex, and baseline FWS improved prediction of mortality.
Methods

Study Population
The 3C study is a prospective cohort study conducted in three French cities (Bordeaux, Dijon, and Montpellier) (10) . Electoral rolls were used to invite community dwellers aged 65 years or more (recruitment rate = 37%). This study is based on data collected in Dijon (n = 4931), where a specific study on physical functioning was conducted.
After baseline (wave 0, 1999-2001), participants were seen approximately every 2 years; 6 waves of data collection have taken place until 2012 in addition to the baseline assessment. At each wave (except wave 3 that consisted in a questionnaire), participants up to 85 years of age were invited to the study center for a clinical examination, whereas older participants were seen at home; however, to maximize participation, all participants were offered the opportunity of being seen at home. The study protocol was approved by the Ethical Committee of the University Hospital of KremlinBicêtre; all participants gave informed consent.
Measures
WS was measured at baseline and at 4 (2003-2004 , wave 2), 8 (2007-2008 , wave 4), 10 (2009-2010, wave 5) , and 12 years (2011-2012, wave 6) later, among participants up to 85 years of age who attended the study center ( Figure 1 ). WS was measured at the study center using two photoelectric cells connected to a chronometer placed in a corridor 6 m apart. Two tests were carried out; participants were first asked to walk at their "usual" speed and then at "fast" speed, ie, as fast as they could without running. For wave 6, a home measure was added using portable photoelectric cells (n = 202); WS was measured over a 6 m distance in 89% cased and between 3.5 and 5 m in 11% cases. WS was computed as 6 m divided by time taken to complete the test in seconds. In a test-retest study, the intraclass correlation coefficient (SE) was 0.84 (0.02) for usual and 0.92 (0.02) for FWS (11) . Given similar results for both measures, the higher reliability of FWS, and a markedly larger decline over time of FWS compared with usual WS (12) , all results are presented using the former measure.
Mortality was available until 2012. Participants were contacted at each wave, and relatives and personal physicians of those who could not be reached were contacted to obtain information on their vital status. Information on other covariates (disability, falls, sociodemographic, anthropometric, health behaviors, diseases, depressive symptoms, and cognition) is presented as Supplementary Material.
Statistical Methods
We excluded from the analyses participants with health conditions associated with marked gait impairment (recent hip fracture, parkinsonism, dementia, and disabling stroke; see Supplementary Table 1 for sensitivity analyses including these participants). Participants' baseline characteristics are presented as a function of vital status at the end of follow-up and sex-specific tertiles of baseline FWS. Two sets of analyses were performed.
1. to compare change in fWS among deceased and nondeceased participants, change in FWS preceding death or end of the follow-up was estimated using linear mixed models with the intercept and slope as random effects and a backward time scale (7, 13) . In contrast to a positive scale starting at baseline, this approach does not assume that FWS trajectories continue after death. The starting time point (t = 0) was (a) date of wave 6 for participants with FWS data at wave 6, (b) date of death for participants whose FWS was assessed at the last wave before death, (c) the midpoint between the date at which FWS was last measured and date of next wave for other participants. The time scale was defined backward from this starting point until the first FWS measure.
Vital status was included as a covariate in the linear mixed model to examine change in FWS as a function of vital status. First we modeled FWS as a function of vital status, age at t = 0, sex, time (in years), vital status × time, and age (at t = 0) × time (Model 1). The regression coefficient of the vital status × time interaction corresponds to the mean difference in annual change in FWS between deceased and nondeceased participants.
We then included additional covariates associated with FWS and vital status (Model 2). For time-invariant variables (age, sex, height, education, smoking, and homocysteine), we included their main effect and interaction with time. Time-varying variables (body mass index, physical activity, coronary/peripheral artery disease, diabetes, minimental state examination score, lipid-lowering, antihypertensive, and psychotropic medications) were entered as main effects; in further analyses, we included their interactions with time.
We investigated whether delay between the last FWS measure and death or end of follow-up had an effect on the estimate of change in FWS by repeating the analyses in participants for whom a FWS measure was available in the last 2 or 4 years before death or end of follow-up.
FWS was not available for all participants at each wave. Reasons for missingness included death, age greater than 85 years, conditions associated with marked gait impairment, home interviews, and loss to follow-up. To investigate the influence of missing data, we used multiple imputation (Supplementary Methods).
2. to assess whether adding change in fWS to a model including age, sex, and baseline fWS improved the prediction of mortality, we estimated annual change in FWS using ordinary least squares regression for participants with FWS measures at the first 2 waves (5, 14) . Standardized measures of baseline FWS and change in FWS were entered successively in an age-and sex-adjusted Cox proportional hazards model. In supplementary analyses, we entered FWS at wave 2 and checked whether adding change between baseline and wave 2 or baseline FWS improved prediction of mortality.
We repeated this analysis using categories of change in FWS based on two different definitions based on a distribution-based method (15) : (a) categories previously defined for usual WS (16) were "substantial" decline, less than −0.08 m/s; "small" decline, −0.08 to −0.04 m/s; and "normal" change, more than or equal to −0.04 m/s; (b) categories based on distribution of FWS in our population were "substantial" decline, less than −0.5 × SD of baseline FWS (<−0.14 m/s); "small" decline, −0.05 SD ≤ change <−0.02 SD (−0.14 to −0.06 m/s); and "normal" change, more than or equal to −0.02 SD (≥−0.06 m/s). Compared with a continuous measure of change, an advantage of these cutoffs is that they may be more easy to implement in the clinical setting to identify persons with marked decline in whom preventive strategies may be useful.
To assess improvement in the model's predictive value, we used an extension of the net reclassification improvement (NRI) for survival analysis that offers a simple way to assess improvement in risk reclassification in the context of comparing two models (17); 95% confidence intervals (CI) were computed using a bootstrap approach.
In order to examine whether change in FWS predicts both short-and long-term mortalities, we repeated these analyses by stratifying the follow-up period in two periods: the first 4 years following the last FWS measure and the years following this 4-year period.
Results
Sample Description
Among 4,285 participants eligible at baseline, 4,016 participants with at least 1 FWS measure during follow-up compose the study population ( Figure 1 ). Participants without FWS measures (n = 269) were older and more disabled at baseline (p < .001). Of the 4,016 participants, 908 died during the follow-up, 498 reached their 86th birthday during the study period, 1,250 stopped coming to the study center or dropped out from the study, and 256 developed conditions that strongly affected gait. Of participants included in the analysis, 664 (16.5%) contributed to five waves of data collection, 575 (14.3%) to four, 570 (14.2%) to three, 898 (22.4%) to two, and 1,309 (32.6%) to one. Participants with one FWS measure were older (75.7 vs 72.2 years, p < .0001) and walked slower (1.43 vs 1.58 m/s, p < .0001) at baseline. Table 1 presents baseline characteristics of study participants. Participants with slower baseline FWS were more likely to be older, women, less educated, shorter, less physically active, have higher body mass index, greater number of packyears of smoking, and more health problems. Table 2 presents adjusted fixed effects for the model of annual change in FWS before death or end of follow-up Table 2) .
Change in fWS in Deceased and Nondeceased Participants
Decline in fWS as a Predictor of Mortality
These analyses are based on 2,094 participants with FWS measures at the 2 first waves, among whom 308 (14.7%) died. The mean baseline FWS was 1.580 (SD = 0.299) m/s, and mean annual change in FWS was −0.023 (SD = 0.065) m/s. Table 3 shows hazards ratio (HR) for models adjusted successively for baseline FWS and change in FWS. In an age-and sex-adjusted model, an increase of one SD in FWS at baseline was associated with a 21% lower mortality (HR = 0.79, CI: 0.70-0.90). When change in FWS was added, both baseline FWS (HR = 0.71, CI: 0.62-0.82) and change in FWS (HR = 0.80, CI: 0.71-0.90) independently predicted death. The NRI when adding change in FWS to the model including age, sex, and baseline FWS was 27.9% (CI: 9.3, 44.5%).
Analysis using categories of change in FWS defined by Kwon and colleagues (16) Table 3 ). The NRI when adding these categories of change in FWS to the model adjusted for age, sex, and baseline FWS was 19.0% (0.6, 36.8%). Analyses using alternative categories of change defined based on the distribution of FWS in our population (small decline: −0.14 to −0.06 m/s, n = 403, 67 deaths; substantial decline: <−0.14 m/s, n = 97, 21 deaths; normal change: ≥−0.06, n = 1,594, 220 deaths) showed similar trends. The NRI when adding these categories of change in FWS to the model adjusted for age, sex, and baseline FWS was 16.3% (−2.6, 33.3%). There was no interaction (p > .67) between baseline FWS and categories of change in FWS, suggesting that the effect of change in FWS was evident at all levels of baseline FWS.
Analyses stratified by follow-up period showed that baseline FWS was associated both with short-and longterm mortalities, whereas the association with change in FWS was more pronounced in the first 4 years of followup, particularly when categories of change in FWS were used (Table 3) .
Supplementary analysis (Supplementary Table 3) showed that in a model including age, sex and FWS at wave 2, baseline FWS or change in FWS between baseline and wave 2 were not associated with mortality and did not improve the predictive value of the model (all NRI not significantly different from 0).
Discussion
Summary of the Results
In this large cohort study of community-dwelling elderly persons aged 65-85 years with up to five assessments of FWS over 12 years, participants who died during the study experienced a steeper decline in FWS before death compared with those who remained alive. We examined whether this difference had clinical implications and found that adding change in FWS to a survival model including age, sex, and baseline FWS improved the predictive performances of the model.
What this study Adds
There is robust evidence of an association between slower WS, when measured once, with subsequent mortality (1,2,18), but less is known about change in WS preceding death (1, 2) . Previous studies have examined the association between change in WS and risk of mortality (3) (4) (5) 9) and showed that higher decline was associated with higher risk of mortality. Apart from one exception (9), these studies were smaller than the present one, and change in WS was examined over a maximum of 2 years while participants were followed for mortality over at most 8 years (3) (4) (5) . In the Health ABC study (n = 2,364) (9), WS was assessed three times over 2 years and the follow-up period for mortality was of 10 years. Another study (n = 690) showed lower baseline scores and larger decline in a composite score of lower extremity function in 470 participants who died during a 12-year follow-up period (19) . This study has several strengths: it is based on a large cohort of community-dwelling older adults; FWS was measured up to five times over 12 years; many potential confounders were assessed throughout follow-up. In addition to survival analyses similar to those previously carried out in other studies, we also used linear mixed models with a backward time scale to model change in FWS; this approach has been used to examine trajectories of health indicators preceding adverse outcomes (7, 13) , including motor (8) and cognitive decline (7).
Baseline FWS and change in FWS had independent effects on the risk of death. Although there was both a short-and a long-term association between baseline FWS and death, our findings suggest that change in FWS had a more pronounced effect on the risk of death in the short term than in the long term. In addition, FWS at wave 2, which results from baseline FWS and decline in FWS between waves 1 and 2, appears to be a good predictor of upcoming death, and baseline FWS or change in FWS between baseline and wave 2 did not improve prediction of mortality compared with a model including FWS at wave 2 only. This result is comparable with findings from one study showing that 1-year change in FWS does not provide additional prognostic information for dependence in activities of daily living beyond that available based on the last FWS measure (20) . Our findings have three clinical implications: first, repeated assessments of FWS may help identify persons particularly at risk of adverse outcomes, even among those with normal baseline FWS; second, the advent of marked decline in FWS is suggestive of a higher risk of death in the relatively near future; third, if FWS is repeatedly measured, the last and more recent measure is sufficient to predict mortality. The identification of persons with marked motor decline should lead to assess their health status in order to identify possible causes and implement the corresponding therapeutic strategies.
As shown previously (12) and also found in the 3C Study, there is a greater decline and interindividual variability in fast than usual WS. This led us to use FWS for the analyses as it is expected that differences in decline across groups of people are more easily detectable by clinicians for this measure. There is no cutoff available for meaningful change in FWS, so we used the cutoffs proposed by Kwon and colleagues (16) for usual WS to identify clinically meaningful change and they appeared to be relevant with respect to mortality in our study. The alternative method that we used to define categories of change in FWS based on cut-points derived from a distribution-based method showed slightly stronger associations with mortality, although CIs were larger due to the small number of participants with substantial decline. Further research is thus needed to replicate these analyses and define cutoffs for meaningful change for FWS.
Potential Mechanisms
Walking is a complex activity involving several (eg, musculoskeletal, pulmonary, neurological, and cardiovascular) systems (2) . Mechanisms underlying the WS-mortality association are likely to be multifactorial. First, cardiovascular health is a common determinant of WS and longevity. WS has been associated with several cardiovascular outcomes or risk factors, including cardiovascular death (18) , stroke (21), diabetes (22) , homocysteine (23), hypertension (11) , arterial stiffness (24) , coronary artery calcification (25) , and intimamedia thickness (26) . In this study, after adjustment for cardiovascular risk factors and diseases, the association between WS decline and mortality remained robust. Nevertheless, WS decline could reflect underlying cardiovascular conditions not taken into account, and imperfect measurement of cardiovascular risk factors may have resulted in residual confounding. The number of events did not allow us to perform analyses by cause of death, which may be useful in future studies. Second, slow WS is a risk factor for dependency (27) , which predicts mortality (28) and could represent an intermediate factor. Third, WS decline may be an early indicator of loss of muscle strength (12, 29) or sarcopenia (30) and frailty (31) , which predict mortality (31) . Inflammation plays a role in frailty (32, 33) , and increased levels of inflammatory markers have been shown to be associated with slower WS (34, 35) and higher risk of mortality (36, 37) . Thus, inflammatory processes could be involved in this association (38) .
Investigation into cognitive trajectories of older adults provides evidence of a more market decline in cognitive function in the years before death, irrespective of premorbid cognitive level (6, 7) . When this rapid decline in cognitive function is gradual in the years preceding death, it is referred to "terminal decline," and when this decline is interrupted by precipitous acceleration of the decline, it is referred to "terminal drop" (39) . The extent to which a similar phenomenon exists for physical functioning has been little explored (8) . Because participants who died during the follow-up were more likely to reach their 86th birthday during the follow-up, FWS measures were more likely to be missing in the few years preceding death; therefore, we could not distinguish whether there was a gradual decline (terminal decline) or an abrupt change (terminal drop) before death usually assessed using a quadratic term for change over time or change point models (39), but we were only able to study change in FWS as a linear function of time due to those missing FWS before death. Higher resolution data with shorter intervals between WS measures are needed to address this question.
In order to assess whether the greater FWS decline observed in the years preceding death was confounded by cognitive decline, analyses were adjusted for cognitive status (mini-mental state examination) modeled as a timevarying variable, and the association remained unchanged. Declines in cognitive function and FWS before death might represent two different aspects of the same process and suggest that different physiological functions exhibit faster decline in the years preceding death. The parallelism between declines in cognitive and physical functioning is important and further research is required to assess the extent to which this finding extends to other physical measures (strength and balance).
Study Limitations
The main limitation of our analyses is related to participants who dropped out during follow-up. One of the main reasons was that FWS was not measured in participants who were interviewed at home at all waves. Nevertheless, other measures (eg, disability, falls, and cognition) linked to functional health were assessed in these persons and used in analyses based on multiple imputation that yielded results that were in agreement with our main conclusion. In addition, FWS was not measured after 85 years, so we cannot test whether our findings on change in FWS can be extended to older ages. Finally, participants who accepted to participate to the study were community-dwelling, well-functioning older people. Although this is likely to lead to an underestimation of the incidence of events such as death, it has been shown that the relation between an exposure and mortality during follow-up is less likely to be biased (40) .
Conclusion
This study shows that FWS decline is greater in individuals aged 65-85 years who will die in the next few years than in those who remain alive and that FWS change predicts mortality independently of baseline FWS. Therefore, repeated FWS measures may be clinically useful in elderly people and may help identify persons with marked motor decline in whom health assessments and preventive strategies may be useful. Future research should measure FWS on several occasions with shorter intervals between measures, to detect when FWS trajectories of participants at higher risk of mortality deviate from those at lower risk. 
